Background and Purpose: We performed this multicenter study to explore the full spectrum of the clinical characteristics and neuroimaging findings of cerebellar infarction, including patients with mild to severe illnesses.
N umerous reports have been published concern- ing clinical and autopsy findings of cerebellar infarction. However, most of these studies have focused on either patients with fatal outcomes examined at autopsy"2 or patients with severe massive cerebellar infarction who needed surgical intervention.3-5 Therefore, our knowledge concerning the full spectrum of cerebellar infarcts encompassing patients with mild to severe illnesses is still insufficient. It is because of the difficulty in diagnosing cerebellar infarction without the aid of computed tomography (CT) or magnetic resonance imaging (MRI)6 and because cerebellar infarction is relatively infrequent (1.5% in autopsy series,' 0.6% in CT series,7 0.7% in CT series8) that detailed analyses on a sufficient number of patients are difficult in individual institutions. Previous CTbased studies on a considerable number of patients have reported a greater fatality rate of cerebellar infarction than other forms of cerebral infarction in 30 patients9 and differences in the clinical characteristics between infarctions in the distribution of the superior cerebellar artery (SCA) and the posterior inferior cerebellar artery (PICA) in 66 patients.10
In this multicenter study, we included consecutive series of CT/MRI-confirmed patients (n=293) with mild to very severe illnesses whose infarctions were mainly in the cerebellum and analyzed (1) Hyperuricemia (.7 mg/dL) 16 6 History of myocardial infarction 7 2 HDL indicates high-density lipoprotein.
was performed in 157 (54%) patients. Symptoms at onset and neurological signs on examination are listed in Table 2 . Dizziness/vertigo was the most frequent symptom, followed by nausea/vomiting, unsteady gait, headache, dysarthria, and tinnitus (Table 2) . We did not find significant differences in the incidence of individ- 12 4 Loss of light reflex 11 4 Consciousness levels on admission Clear for PICA infarcts). The rate was lower in patients with combined involvement of two cerebellar arteries and was lower still in patients with combined involvement of the three cerebellar arteries.
Of the 24 patients who underwent emergency surgery, 7 (29%) patients recovered and were classified as independent, 9 (28%) dependent, and 2 (8%) were bedridden, 1 (4%) vegetative, and 5 (21%) died (3 of the cerebellar infarcts and 2 of pneumonia).
Discussion
The observed incidence of cerebellar infarcts among total brain infarctions (2.3%) is comparable to the results of Macdonell et al (1.5%).9 However, because it has been reported that half of old cerebellar infarcts found at autopsy were asymptomatic' and because symptoms and signs in cerebellar infarcts are very similar to benign peripheral labyrinthine disorders, many patients with cerebellar infarcts are likely to be overlooked if CT/MRI studies are not performed. Although some previous studies reported the relative rarity of SCA infarcts,"114 "5 the frequencies of SCA and PICA infarcts in our series are consistent with other reports focusing on cerebellar infarcts, in which SCA infarcts were as frequent as2 or more numerous than7 PICA infarcts. Similarly, our exclusion of cerebellar infarcts associated with brain-stem infarcts may explain the results that PICA infarctions were related more frequently with abnormalities in PICA than in the ipsilateral vertebral artery, the known usual site of occlusion in PICA infarcts.116 We did not find watershed infarcts, which is consistent with the results of Amarenco et a12 but inconsistent with those of others.913 This may be because the cerebellar infarcts in our patients were large enough to cause severe symptoms.
Other major findings to be addressed are as follows: (1) cerebellar infarctions were produced by cardiogenic embolism in at least one fourth of patients; (2) cerebellar infarcts were associated not only with abnormalities of cerebellar arteries that distribute directly to the infarct studies also have reported similar (22%, Feely20 >25%, Sypert and Alvord') or even much higher (50%, Heros21) rates of embolism. The incidence of embolism in their studies and ours is greater than in a previous study on vertebrobasilar system infarctions (9.2%, Castaigne et a122). This seems to indicate that infarctions mainly involving the cerebellum caused by occlusion of long circumferential cerebellar arteries23 are more frequently produced by embolism than infarctions involving both the cerebellum as well as the brain stem due to occlusion of vertebral and/or basilar arteries. In our results, embolic infarctions became hemorrhagic 10 times more frequently than thrombotic infarctions. The smaller rate of hemorrhagic infarctions (11%) in our patients than that reported by Sypert and Alvord' and Heros2' (approximately 25%) may be because their patients had large infarctions and came to autopsy' or underwent surgical intervention.2' Previous studies have reported that the SCA infarcts were associated with abnormalities of the SCA, basilar artery, and the vertebral artery with various frequencies.27,9 In our SCA and AICA infarct patients, as many as two thirds had occlusion or severe stenosis of the right or left vertebral arteries, suggesting that a substantial proportion of SCA and AICA infarcts appears to be related to abnormalities of the vertebral arteries. Although the roles of the abnormalities of the vertebral arteries are not precisely known, it is most probable that they may provide a source of artery-to-artery embolism, as has been suggested in previous studies.2,24-26 In addition, our findings indicate that abnormalities of cerebellar arteries that do not distribute directly to infarct regions play an important role in the production of cerebellar infarcts. This was demonstrated particularly for the SCA infarcts, of which 41% were associated with occlusion/stenosis in the PICA and AICA. We also found that in almost all patients presenting with brainstem compression severe enough to receive surgical intervention, infarct areas received little blood supply from the cerebellar arteries distributing to other areas. These findings suggest a substantial role of insufficient collateral circulation in the production of massive cerebellar infarctions. Taken together, cardiogenic and artery-to-artery embolism and insufficiency of collateral circulation play important roles in the pathogenesis of infarctions mainly involving the cerebellum that occur in the areas of long circumferential arteries of the infratentorial posterior circulation, and their pathogenetic mechanisms are very similar to cortical infarctions in the supratentorial anterior circulation.
The usual course of cerebellar infarctions is benign with variable degrees of functional recovery in the majority of patients but sometimes may be progressive, leading to brain-stem compression and hydrocephalus in a minority of patients.15 '16,27 Our results indicate that neurological disabilities increased greatly with only a mild disturbance of consciousness indicative of brainstem involvement and that more severe brain-stem involvement led to life-threatening aggravation in approximately 10% of patients. Although immediate operative intervention is necessary for such patients, we could not find any symptoms or signs that predicted subsequent severe cerebellar swelling. However, our results indicate that infarcts limited to the PICA territory exerted less severe effects than SCA infarcts, which is not consistent with some previous studies. The reported higher tendency for PICA infarcts to lead to severe mass effect and brain-stem compression3,28 appears to be mainly due to involvement of greater areas of the cerebellum extending to the territories of other cerebellar arteries. In our results, obtundation and coma occurred more often with SCA infarcts than with PICA infarcts, which may reflect the greater probability for the midbrain reticular formation to be involved in SCA infarcts and may reflect the exclusion in our series of subjects with identified significant brain-stem involvement. We also found that ataxia of the limb and trunk was more frequent with SCA infarcts than PICA infarcts"1,29 and that the functional prognosis was worse with SCA infarcts than with PICA and AICA infarcts. This may be because SCA irrigates important structures in the cerebellum such as the dentate nucleus, anterior vermis, and the superior cerebellar peduncle, which conveys most of the cerebellar efferents. Appendix Study Participants Takashi 
